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HYDROSTATIC THRUST BEARING FOR A 
WOBBLE PLATE PUMP 

RELATION TO OTHER PATENT 
APPLICATIONS 

This application claims the bene?t of prior provisional 
application Ser. No. 60/111,387 ?led Dec. 8, 1998. 

TECHNICAL FIELD 

The present invention relates generally to pumps and 
hydraulically-actuated systems used With internal combus 
tion engines, and more particularly to axial hydraulic pumps 
With Wobble plates. 

BACKGROUND ART 

Hydraulic pumps that utiliZe Wobble plates to drive recip 
rocating pistons are susceptible to Wear. The Wobble plate is 
usually the driveplate With a tilted pumping surface that 
pushes against the pump’s pistons. As the driveplate rotates 
each piston is pushed aWay from the driveplate as the 
thickness of the driveplate beneath it becomes greater With 
the rotation, causing the piston to compress. The hydraulic 
pressure Within the piston increases as the volume Within the 
piston decreases. This high pressure hydraulic ?uid is gen 
erally the output product of the hydraulic pump. As rotation 
continues and the thickness of the driveplate beneath the 
piston lessens, the higher hydraulic pressure Within the 
piston alloWs it to expand again and re?ll itself With loWer 
pressure hydraulic ?uid. 

There is generally friction betWeen the driveplate and the 
piston as the driveplate rotates. This can cause Wear to the 
piston and driveplate surfaces. Additionally, there is gener 
ally friction and Wear against other surfaces that the rotating 
driveplate comes in contact With, as Well. 

Of course, the driveplate and Whatever holds it must also 
be capable of bearing the loads caused by pushing against 
the compressing pistons. These loads may be axial (i.e., 
parallel to the drive shaft axis and/or perpendicular to the 
plaintiff rotation of the driveplate) or radial (i.e., perpen 
dicular to the drive shaft axis), or some combination thereof. 

DISCLOSURE OF THE INVENTION 

A displacement pump 1 according to one aspect of the 
invention has a rotatable drive shaft 9 and at least one piston 
20 containing a piston cavity 62, and a piston shoe 34 
?exibly connected With the piston 20. The piston shoe 34 
comprises a shoe passage 60 ?uidly connected With the 
piston cavity 62. The displacement pump also has a hydro 
static thrust bearing plate 40 comprising at least one thrust 
pad 42, and a driveplate 12 connected With the drive shaft 9 
and disposed betWeen the piston shoe 34 and the thrust pad 
42. The driveplate 12 comprises a bearing surface 46 proxi 
mate to the thrust pad 42, a pumping surface 38 proximate 
to the piston shoe 34, and at least one communication port 
48 ?uidly connecting the bearing surface 46 With the pump 
ing surface 38. The driveplate 12 is rotatable to a position in 
Which the piston cavity 62 is ?uidly connected With the 
thrust pad 42 via the shoe passage 60 and the communication 
port. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a combination perspective and cross-sectional 
diagrammatic vieW of a ?xed displacement pump according 
to the invention; 
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2 
FIG. 2 is a top vieW of the driveplate of the pump of FIG. 

1; 
FIG. 3 is a cross sectional vieW of a driveplate portion of 

the pump of FIG. 1; and 
FIG. 4 is a projectional vieW of one possible placement 

con?guration for proper alignment of piston shoes, thrust 
pads, and communication ports according to the invention. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

With reference to FIGS. 1—4, a pump 1 utiliZing the 
hydrostatic bearing and driveplate 12 con?guration of the 
invention comprises a housing 3 betWeen a front ?ange 5 
and an end cap 7. A drive shaft 9 driven by an engine (not 
shoWn) extends into the pump 1, supported by a bearing 
collar 10 or needle. The drive shaft 9 in this embodiment is 
connected With a Wobble plate type driveplate 12 in a 
keyWay drive con?guration in Which a key (not shoWn) ?ts 
into a drive shaft slot 14 and a driveplate slot 16 in the 
driveplate 12. Other con?gurations utiliZing the invention 
are possible, but a keyWay drive or other con?guration that 
alloW the driveplate 12 to rotate nonrigidly is preferred. 
A barrel 18 bolted to the end cap 7 holds a number of 

pistons 20 (nine in this embodiment) that are connected to 
one another by a connector 22. Each piston 20 is slidably 
held Within a respective sleeve 24. A one-Way outlet check 
noZZle 26 at the top end of each piston 20 alloWs compressed 
hydraulic ?uid to exit each piston 20 into a collector ring 28 
of high pressure hydraulic ?uid for output from the pump 1. 

Bleed holes 30 are situated in each piston 20 in the area 
of its respective sleeve 24. An electro-hydraulic control unit 
32 can control the vertical position of each sleeve 24 on its 
respective piston 20, to control discharge of the pump 1 by 
selectively alloWing the sleeves 24 to cover or uncover the 
bleed holes 30 during a variable portion of piston 20 
compression. 

Each piston 20 is connected With a respective piston shoe 
34 by means of a ?exible joint, a ball joint 36 for example, 
so that the piston shoes 34 can conform to the slanted 
pumping surface 38 of the driveplate 12 as it rotates. The 
driveplate 12 in turn rests against a hydrostatic thrust 
bearing plate 40 on the front ?ange 5. The hydrostatic thrust 
bearing plate 40 comprises a number of thrust pads 42, each 
positioned directly beneath a respective one of the pistons 
20. Hydraulic ?uid (e.g., engine oil) from Within the interior 
52 of the pump 1 forms a hydrodynamic journal bearing 44 
betWeen the driveplate 12 and the housing 3 as the driveplate 
12 rotates. 

With reference mostly to FIGS. 2 and 3, the driveplate 12 
has a bearing surface 46 and the pumping surface 38. The 
driveplate 12 contains several communication ports 48 that 
pass through the driveplate 12 betWeen the pumping surface 
38 and the bearing surface 46. The communication ports 48 
de?ne a predetermined diameter 49. The communication 
ports 48 of this embodiment are generally parallel With the 
drive shaft 9. HoWever, other communication port 48 con 
?gurations may be used, such as non-parallel, ?ared, and 
frustroconical. 
A ?ll slot 50 is formed in the pumping surface 38 and is 

alWays open to a loW pressure hydraulic ?uid area 52 Within 
the pump 1, for example via a ?ll notch 54 connected With 
an inner ?ll cavity 56, and/or other openings permitting 
entrance of the loW pressure hydraulic ?uid to the ?ll slot 50, 
for example access ports (not shoWn) through the bearing 
surface 46. 

Each piston shoe 34 has a ?at shoe sill 58 for engaging the 
driveplate 12 and a shoe passage 60 that alloWs hydraulic 
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?uid from a piston cavity 62 Within the piston 20 to pass to 
a hydrostatic bearing shoe area 64. Each shoe sill 58 has a 
predetermined Width 59 that corresponds in magnitude to the 
diameter 49 of the communication port 48. It is Well knoWn 
in the art to determine the hydrostatic bearing shoe area 64 
by estimating an effective force diameter (not shoWn) that is 
generally equal to the bearing shoe area 64 plus half the 
predetermined Width 59 of the shoe sills 58, ie mean 
diameter of the shoe sill. The effective force diameter is at 
least 90% of the piston diameter (not shoWn) and preferably 
betWeen 96% to 98% of the piston diameter. 

Similarly, each thrust pad 42 has a thrust pad sill 66 and 
a hydrostatic bearing pad area 68. Each hydrostatic bearing 
pad area 68 has a second predetermined Width 69 that 
corresponds in magnitude to the diameter 49 of the com 
munication port 48. It is Well knoWn in the art to determine 
the hydrostatic bearing pad area 68 by estimating an effec 
tive force diameter (not shoWn) that is generally equal to the 
bearing pad area 68 plus half the second predetermined 
Width 69 of the thrust pad sills 66, i.e. the mean diameter of 
the thrust pad sills 66. The effective force diameter is at least 
90% of the piston diameter and preferably betWeen 96% to 
98% of the piston diameter. It should also be recogniZed that 
the thrust pad 42 may be located on the bearing surface of 
the drive plate Without departing from the spirit of the 
invention. 

INDUSTRIAL APPLICABILITY 

The keyWay drive or other nonrigid rotation drive 
arrangement alloWs the drive shaft 9 to rotate the driveplate 
12 in a nonrigid manner. The rotation of the driveplate 12 
causes the pistons 20 to reciprocate up and doWn. The 
pistons 20 are connected With the piston shoes 34 that 
engage the driveplate 12 by ball joints 36, Which alloWs the 
pistons 20 to maintain a vertical alignment. The axial loads 
caused by the pistons 20 pushing on the driveplate 12 are 
balanced by the thrust pads 42, as described beloW. Because 
the pumping surface 38 is tilted there are some radial loads, 
but the radial loads are small, and are easily handled by the 
hydrodynamic journal bearing 44 that forms betWeen the 
driveplate 12 and the housing 3 as the driveplate 12 rotates. 
As the drive shaft 9 rotates to push a piston 20 up, the 

communication ports 48 pass betWeen the hydrostatic bear 
ing shoe area 64 of the piston shoe 34 and the hydrostatic 
bearing pad area 68 of the thrust pad 42 beneath the piston 
20. When this occurs high pressure hydraulic ?uid from the 
piston 20 being compressed immediately ?oWs into both the 
hydrostatic bearing shoe area 64 and the hydrostatic bearing 
pad area 68. 

This alloWs the piston shoe 34 and the thrust pad 42 to act 
as hydrostatic bearings to support the thrust forces, since the 
hydraulic ?uid pressure in the hydrostatic bearing areas 64, 
68 are equal and match the axial piston load. By means Well 
knoWn in the art, the surface areas of the shoe sills 58 and 
of the thrust pad sills 66 can be chosen so that hydraulic ?uid 
from the hydrostatic bearing areas 64, 68 ?oWs to form 
nearly frictionless ?uid buffers betWeen the shoe sill 58 and 
driveplate 12, and betWeen the thrust pad sill 66 and 
driveplate 12, respectively. For example, good results are 
obtained When the mean diameter of each shoe sill 58 and 
pad sill 66 are at least 90% of the piston diameter and 
preferably betWeen 96% to 98% of the piston diameter. 
As can be seen in FIG. 4, the communication ports 48 are 

situated in the driveplate 12 such that Whenever a piston 20 
is being pushed upWard, pressuriZing hydraulic ?uid for 
pumping, there is alWays at least one communication port 48 
connecting that piston’s shoe 34 With its corresponding 
thrust pad 42. This creates the balanced hydrostatic bearing 
supporting the thrust on both sides of the driveplate 12. 
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Further, the strength of each hydrostatic bearing varies to 

accommodate the variable axial forces generated as the 
pistons 20 are vertically displaced, because the pressure in 
the hydrostatic bearing areas 64, 68 is alWays equal to the 
pressure Within the piston cavity 62. Thus, most of the axial 
load caused by each piston 20 is carried by the thin ?lm of 
hydraulic ?uid betWeen its piston shoe 34 and the driveplate 
12, and by the thin ?lm of hydraulic ?uid betWeen the 
corresponding thrust bearing and the driveplate 12. These 
thin ?lms of hydraulic ?uid keep friction, and therefore 
Wear, to a minimum. 

MeanWhile, the high pressure hydraulic ?uid in the piston 
cavity 62 can pass through the outlet check valve 26 into the 
collector ring 28 and hence to the pump output (not shoWn). 
The electro-hydraulic control unit 32 can adjust the positions 
of the piston sleeves 24 to control the discharge of the pump 
1 by controlling the amount of time the bleed holes 30 are 
blocked by the sleeves 24 during piston compression. 
As the driveplate 12 continues to rotate so that the piston 

20 begins to move doWnWard, the hydrostatic bearing shoe 
area 64 is exposed to the ?ll slot 50 on the pumping surface 
38 of the driveplate 12. The ?ll slot 50 is alWays exposed to 
the loW pressure hydraulic ?uid Within the pump 1, so that 
as the piston 20 moves doWnWard the piston cavity 62 ?lls 
With loW pressure hydraulic ?uid from the ?ll slot 50 via the 
shoe passage 60. 

While each piston 20 is directly over its respective thrust 
pad 42, it’s piston shoe 34 is slightly offset because the 
pumping surface 38 is tilted, as can be understood from the 
projection vieW of FIG. 4. For best results, the predeter 
mined Width of the shoe sills 58 and the second predeter 
mined Width 69 of the thrust pad sills 66 should be at least 
equal to the diameter 49 of the communication ports 48. 
Furthermore, the communication ports 48 should be placed 
so that as the driveplate 12 rotates a communication port 48 
opens onto a hydraulic bearing shoe area 64 at the same time 
it opens onto the corresponding hydraulic bearing pad area 
68, as demonstrated in FIG. 4. This alloWs the pressures in 
the tWo hydraulic bearing areas to build up at the same time, 
so that the loads on each piston shoe 34 and its correspond 
ing thrust bearing remain balanced. 
The above description is intended for illustrative purposes 

only, and is not intended to limit the scope of the present 
invention in any Way. For example, it is possible (although 
not ideal) for one or both of the piston shoes 34 and the 
thrust pads 42 to be totally ?at With no recess for the 
hydrostatic bearing areas 64, 68, so that the hydrostatic 
bearing areas 64, 68 are the sills 58, 66 themselves. Thus, 
those skilled in the art Will appreciate that various modi? 
cations can be made to the illustrated embodiment Without 
departing from the spirit and scope of the present invention, 
Which is recited in the claims set forth beloW. 
What is claimed is: 
1. A displacement pump, comprising: 
a rotatable drive shaft; 

a piston having a piston cavity disposed therein; 
a piston shoe being pivotally connected to said piston, 

said piston shoe having a shoe passage in ?uid com 
munication With the piston cavity; 

a hydrostatic thrust bearing plate having at least one thrust 
Pad; 

a drive plate being disposed betWeen the piston shoe and 
the thrust pad and being connected to the drive shaft, 
said drive plate having a bearing surface proximate to 
the thrust pad, a pumping surface proximate to the 
piston shoe, and a communication port ?uidly connect 
ing the bearing surface to the pumping surface, said 
drive plate being rotatable With the drive shaft to a 
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position at Which said piston cavity is in ?uid commu 
nication With said thrust pad via the shoe passage and 
the communication port; 

said thrust pad having a hydrostatic bearing pad area 
contiguous to said drive plate and a thrust pad sill 
surrounding said hydrostatic bearing pad area, said 
thrust pad sill being engageable With said drive plate. 

2. The displacement pump, as set forth in claim 1, Wherein 
said piston having a predetermined diameter and said thrust 
pad sill having a mean diameter at least 90 percent of the 10 
diameter of the piston. 

6 
3. The displacement pump, as set forth in claim 2, Wherein 

said thrust pad sill having a mean diameter betWeen 96 

percent and 98 percent of the piston diameter. 
4. The displacement pump, as set forth in claim 1, Wherein 

said communication port having a predetermined diameter 
and said thrust pad sill having a predetermined Width, said 
Width of the thrust pad sill being at least equal to the 
predetermined diameter of said communication port. 

* * * * * 


